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Abstract
Background: Cardiovascular diseases are among the most common causes of hospital admissions and deaths in
Zanzibar. This study assessed prevalence of, and antecedent factors and care access for the two common
cardiovascular risk factors, hypertension and diabetes, to support health system improvements.
Methods: Data was from a population based nationally representative survey. Prevalence of hypertension was
defined as systolic blood pressure ≥ 140 mmHg, diastolic blood pressure ≥ 90 mmHg or a self-reported diagnosis of
hypertension; diabetes was defined as a fasting blood glucose ≥6.1 mmol/L or a self-reported diagnosis of diabetes.
Care-cascades for hypertension and diabetes were created with four stages: being tested, diagnosed, treated, and
achieving control.
Multivariable logistic regression models were constructed to evaluate individual-level factors – including symptoms
of mental illness - associated with having hypertension or diabetes, and with progressing through the hypertension
care cascade. Whether people at overt increased risk of hypertension or diabetes (defined as > 50 years old,
BMI > 30 kg/m2, or currently smoking) were more likely to be tested was assessed using chi squared.
Results: Prevalence of hypertension was 33.5% (CI 30.6–36.5). Older age (OR 7.7, CI 4.93–12.02), some
education (OR 0.6, CI 0.44–0.89), obesity (OR 3.1, CI 2.12–4.44), and raised fasting blood glucose (OR 2.4, CI
2.38) were significantly independently associated with hypertension.
Only 10.9% (CI 8.6–13.8) of the entire hypertensive population achieved blood pressure control, associated factors were
being female (OR 4.8, CI 2.33–9.88), formally employed (OR 3.0, CI 1.26–7.17), and overweight (OR 2.5, CI 1.29–4.76).
The prevalence of diabetes was 4.4% (CI 3.4–5.5), and associated with old age (OR 14.1, CI 6.05–32.65) and almost
significantly with obesity (OR 2.1, CI 1.00–4.37). Only 11.9% (CI 6.6–20.6) of the diabetic population had achieved control.
Individuals at overt increased risk were more likely to have been tested for hypertension (chi2 19.4) or diabetes (chi2 33.2)
compared to the rest of the population.
Symptoms of mental illness were not associated with prevalence of disease or progress through the cascade.
Conclusion: High prevalence of hypertension and suboptimal management along the care cascades indicates a large
unmet need for hypertension and diabetes care in Zanzibar.
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Background
Cardiovascular diseases (CVD) are traditionally consid-
ered diseases common to high income countries (HIC),
but nonetheless are an increasing health concern in low-
and middle-income countries (LMIC).
High blood pressure is quantitatively the most import-
ant risk factor for CVD, and Sub Saharan Africa (sSA)
has the highest prevalence of hypertension in the world
[1]. Country-specific data from the United Republic of
Tanzania (to which Zanzibar belongs) shows cardiovascular
diseases are increasingly contributing to the number and
quality of life lost,1 but there is no separate published data
from Zanzibar despite its status as a semi-autonomous part
of the republic where provision of health services falls
under the Government of Zanzibar. Additionally, the epi-
demiological and demographic landscape differs between
mainland Tanzania and Zanzibar with the latter, for ex-
ample, having low prevalence and incidence of HIV and TB
as well as malaria. Other differences include a much higher
urbanization rate in Zanzibar with just below half of the
population of 1.3 million in urban areas, and a lower GDP
per capita at 907 USD (non-adjusted), with 43.5% of the
population living below the international poverty line of 1.9
USD per day [2] and a concentration of the poor in rural
areas.
The epidemiological pattern of hypertension and
diabetes may differ according to the stage of health tran-
sition that a country is going through, thus it is import-
ant to identify local drivers of risk factors as well as
drivers of disease control in Zanzibar independent from
Tanzania. In order for the government of Zanzibar to
plan for management and prevention of hypertension
and diabetes, and put in place health system (public
health and health service) measures to prevent condi-
tions and adequately treat those people who already have
them, data on disease prevalence and risk factors, and
health service performance is essential.
A cascade of care approach can be utilized to identify
where gaps in care provision (from testing to diagnosis,
treatment, and control) occur. Pooled analysis of data
from individual surveys shows very low performance of
health systems in sSA with gaps in care provision
throughout the care cascade leaving > 90% of people
with hypertension, and close to 80% of people with dia-
betes, without adequate control [3–5].
When considering testing, in an under-resourced set-
ting, disease detection may initially be best deployed to
detect people who are at high risk of conditions [6]. It
has been shown that several factors, including increased
age, high BMI, and smoking, are associated with increased
risk of hypertension and diabetes. These are all individual
level factors that a health care provider can easily identify,
and which could be used to trigger testing. However, the
extent to which these factors are of use to guide testing in
practice needs further exploration.
Poor mental health is increasingly being recognized as
an issue in LMIC settings, and research predominantly
done in HIC suggests it affects prevalence of cardiovas-
cular disease risk factors as well as access to treatment
[7, 8]. In HICs, presence of poor mental health results in
worse disease control [9] for these people, who are likely
to require increased effort to receive adequate care.
However, the relationships between markers of poor
mental health and prevalence of and access to treatment
for cardiovascular disease risk factors are not well ex-
plored in low- and middle-income country settings.
Although previous studies have looked at prevalence
of cardiovascular disease risk factors in Sub Saharan Af-
rica and used a cascade of care approach to assess health
service provision, this has not been done previously in
Zanzibar. Additionally, we are not aware of other studies
that have looked at the relationship between mental
health conditions and prevalence of and care for hyper-
tension or diabetes in a sSA setting.
The objectives of this analysis are threefold: to explore
the epidemiology of hypertension and diabetes in Zanzibar,
to assess the health services’ effectiveness to detect and suc-
cessfully treat these conditions – in particular to examine
whether or not people at increased risk of conditions had
been tested for them - and to identify individual level char-
acteristics, including prevalence of poor mental health, as-
sociated with developing these conditions and being tested/
diagnosed/treated/controlled.
Methods
Data
Data from the National Non-Communicable Disease
Risk Factor Survey, a population based, nationally repre-
sentative, cross-sectional survey done in 2011 was used.
The survey was the first of its kind in Zanzibar. The sur-
vey design and methods are described in detail elsewhere
[10]. In brief, a modified version of the World Health
Organization instrument for stepwise approach to non-
communicable disease risk factors surveillance (STEPS)
was applied. Multi-staged cluster sampling methods
were used to recruit a random and representative sample
of the general population aged 25–64 years, using house-
holds as the final sampling frame and randomly selecting
individual participants at household level. Individual par-
ticipant data including socio-demographic characteris-
tics, behavioral risk factors (physical activity, smoking,
alcohol use, and diet), previous history of hypertension
and diabetes, history of taking medication for diabetes,
1Tanzania 1996–-2016 shows 100% increase in the proportion of
DALYs lost due to NCDs (all types). Data from the Global Burden of
Disease project, IHME. https://vizhub.healthdata.org/gbd-compare/
accessed 10/25/2018.
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hypertension, or raised cholesterol, symptoms of mental
illness; anthropometric measurements of weight and
height; blood pressure measurement; and capillary blood
for biochemical analysis using point of care devices (fast-
ing blood sugar and total cholesterol) were collected
through standardized procedures and with the partici-
pant being instructed to fast.
The 12 item General Health Questionnaire GHQ-12
which has previously been used in sSA [11] was used to
identify symptoms of minor psychiatric disorders after
having been translated into Swahili and back-translated
to resolve discrepancies in conceptual equivalence.
BP was measured (Omron M2) three times during a
single visit to the participant’s home, after 30 min of rest
and with at least 3 min between each measurement; the
average of second and third reading was used for ana-
lysis. A minority of participants did not have three con-
secutive BP measurements done; in those the average of
available readings was used. Height and weight were
measured with participants wearing light clothing and
being bare foot, using generic scales and measuring tape
applied to a rod, purchased locally. Blood glucose and
total cholesterol (AccuTrend Plus GCT meter, Roche
Diagnostics) were measured in the morning hours the
day after the survey interview had taken place, and only
on (self-reported) fasting participants.
Outcome variables
Hypertension
Prevalent hypertension (HTN) was defined as having a
systolic blood pressure (BP) ≥140 mmHg or diastolic BP
≥90mmHg measured during the survey, or a self-
reported previous diagnosis of hypertension. Previous
testing for HTN was defined as a positive response to
being asked if participants had ever had a BP measure-
ment done. Amongst those who recalled having been
tested for hypertension, those who reported having been
diagnosed by a doctor or health care worker were de-
fined as previously diagnosed, amongst those previously
diagnosed, those who reported receiving prescribed
medication in the past 2 weeks and/or advice on behav-
ior changes, were defined as treated. Among those
treated, controlled hypertension was defined as having a
SBP < 140mmHg and DBP < 90mmHg measured during
the survey.
Diabetes and impaired fasting glucose
The IDF diagnostic values were used. Impaired fasting
glucose (IFG) was defined as a fasting blood glucose
(FBG), measured on capillary whole blood, ≥ 5.6 mmol/L
and < 6.1 mmol/L. Prevalent diabetes mellitus (DM) was
defined as having a FBG ≥ 6.1 mmol/L or a self-reported
diagnosis of diabetes. Raised fasting blood glucose was
defined as FBG ≥ 5.6 mmol/L. Previous testing for
diabetes was defined as a positive response to being
asked if the participant had ever had a blood glucose
measurement done. Amongst those who recalled having
been tested for diabetes, those who reported having been
diagnosed by a doctor or health care worker were de-
fined as diagnosed, and among those diagnosed, those
who reported receiving insulin, prescribed oral medica-
tion in the past 2 weeks and/or advice for diabetes were
defined as treated. Amongst those who were treated,
controlled diabetes was defined as having a FBG < 5.6
mmol/L measured during the survey.
IFG and diabetes were merged to construct two cat-
egories (1) normal fasting blood glucose (2) raised fast-
ing blood glucose, for the analysis of variables associated
with hypertension.
Care cascades for hypertension and for diabetes
A care cascade approach was used to describe access to
care for hypertension and diabetes [12]. The method for
constructing the care cascade was the same for hyper-
tension and diabetes using individual participant data.
Cascades were constructed using two methods. First, the
percentage of the total population with prevalent disease
who achieved each step of the cascade was presented.
Second, the losses at each stage of the cascade using the
number of people who had reached the previous step as
the denominator was presented. Entry into each step of
the cascade was dependent on having reached the stage
before it. An illustration of the cascade is enclosed in the
additional material (Additional file 1).
Independent variables
Socio-demographic (risk) factors
Age was categorized as 25–34 years, 35–49 years, and
50–64 years. The highest level of education achieved was
defined as (1) no formal education (2) some schooling
but less than secondary (10 years) completed (3) second-
ary school or above completed. Data on occupation was
collected in pre-coded categories (STEPS standard ver-
sion) and re-categorized into (1) no formal work (included
housewives) (2) self-employed (3) formally employed
(wage work) whether by government or non-government
employer. Residency was categorized as urban or rural
according to the Office of the Chief Government Statisti-
cian in Zanzibar.
Behavioral risk factors and BMI
Physical activity was defined as low, moderate, or high
depending on the sum of intensities of physical activity
during work, recreation, and transportation, calculated
using the unit metabolic equivalent minutes (METs).
Physical inactivity was defined as not meeting the mini-
mum standard of WHO of 600 METs per week. Sedentary
time during waking hours was based on self-reported
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values and, informed by relevant literature on the associ-
ation between outcomes and sedentary time, results were
dichotomized into a binary variable with a threshold of 3 h
per day [13].
Overweight was defined as a body mass index (BMI)
of ≥25.0 and ≤ 30 kg/m2, and obesity as BMI > 30.0 kg/
m2. Smoking status was categorized as current smokers,
former smokers, and those who never smoked. Alcohol
use was excluded from the analysis due to the low num-
ber of drinkers in the surveyed population, and diet was
excluded as the vast majority of the population con-
sumed fruits and/or vegetables at very low quantity and
frequency, while salt and sugar intake was not assessed.
Mental illness
Minor (non-psychotic) psychiatric morbidity was assessed
using the 12- item General Health Questionnaire (GHQ),
which is a widely used screening tool for minor psychiatric
illnesses [14]. Respondents initially responded to each
item using a four-point Likert scale indicating presence or
absence of symptom. During analysis, responses were col-
lapsed to into a two-point scale (GHQ method), scoring 0
or 1 on each item. The sum of all items gave a total score
out of 12; a conservative cut-off was set at a sum of 4 or
more to signify presence of psychiatric morbidity mainly
in the axis of depression/anxiety.
Raised cholesterol
Raised blood cholesterol was defined as either being on
medication for raised cholesterol or having a measure-
ment of total cholesterol ≥5 mmol/L. HDL-LDL ratio
was not assessed.
Increased risk for diabetes or hypertension
‘At increased risk’ for diabetes or hypertension was de-
fined based on whether an individual had overt charac-
teristics that might signify increased risk and that a
healthcare professional in an under-resourced setting
could detect without access to patient records or diag-
nostic tests. The definition included any one of the fol-
lowing: being above 50 years, BMI at or above 25 kg/m2,
or currently smoking.
Ethics
The National NCD risk factor survey received ethical
approval from Zanzibar Medical Research Ethical Com-
mittee (ZAMREC), Ministry of Health, and by the Office
of 2nd Vice President, Revolutionary Government of
Zanzibar. All participants had given their informed con-
sent to participate in the survey. Approval for publica-
tion of this paper was obtained from Zanzibar Ministry
of Health following ordinary procedures.
Analysis
Analyses are restricted to participants with non-missing,
measured, variables. Among these, due to the skip-to-
next-pattern of the electronic data collection tool used,
responses which were negative (for instance ‘have you
ever been told by a health worker that you have hyper-
tension’), led automatically to skip of following related
questions (such as ‘are you currently on treatment for
hypertension’), and hence left as a missing entries.
Therefore, for selfreported variables apart from age,
missing entries were assumed to be negative responses.
In the analyses to estimate the losses at each stage of the
care cascade, these missing/negative values were omitted
from the analyses as described above.
Using the 2012 census data, standardization based on age
and sex was done to the distribution of the Zanzibar adult
population, and sample weights were incorporated to adjust
for unequal probability of selection at population level.
For the descriptive analysis, unweighted numbers but
weighted proportions are displayed. Categorical variables
are expressed as percentages, and continuous variables
by mean and standard error (SEM).
(Univariable logistic regression analyses are enclosed
in additional material (see Additional file 4, 5 and 6).)
Multivariable logistic regression with forced entry
using weighted variables was used to test associations
between prevalence of diabetes or hypertension and in-
dependent variables age; sex; area of residency; educa-
tion; employment; tobacco use; BMI; sedentary time;
symptoms of mental ill health; and high cholesterol. For
hypertension, raised fasting blood glucose (measured) was
furthermore included, given the effects of uncontrolled/
poorly controlled blood sugar on hypertension [15].
Success in achieving each step of the cascade was
regressed against the above variables, for the hyperten-
sion cascade, using a known diagnosis of diabetes in-
stead of measured raised fasting blood glucose, because
an existing diagnosis could lead to more attention from
health care providers and affect progress through the
cascade. Study-measured high cholesterol was not in-
cluded as a co-variable, given this is unlikely to affect
transit through the cascade.
Finally, univariable analyses comparing the increased-risk
group with the low-risk group was done for the three out-
comes (1) prevalence of disease (2) having been tested, and
(3) achieving adequate control, using Pearson chi square.
Analyses were performed on weighted data using Stata
v.14.1 (Stata) with p value < 0.05 considered to represent
statistical significance, and confidence interval at 95%
for all statistical analyses.
Results
2772 households were initially sampled for the survey.
Out of these, 2659 (97.6%) households had one member
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randomly selected to participate in the study. After ex-
cluding participants with missing information from the
dataset, 2146 (80.7%) respondents remained (Fig. 1).
Participant characteristics are shown in Table 1.
Hypertension
The crude prevalence of hypertension in the population
was 33.5% (CI 30.58–36.52). Factors significantly associ-
ated with hypertension on multivariable analysis were
increasing age (OR 2.1, CI 1.43–3.08 for the 35–49 year
group, and OR 7.7, CI 4.93–12.02 for the 50–64 years
age group), obesity (OR 3.1, CI 0.40–1.17), and raised
fasting blood glucose (OR 2.4, CI 1.34–4.22). Prevalence
of hypertension was less common in those with some as
compared with no formal education (OR 0.6, CI 0.44–
0.89 for some primary/secondary education) (Table 2).
Among those defined as having hypertension, 59.6%
(CI 56.0–65.8) reported having previously had their pres-
sure measured; 51.1% (CI 44.4–57.8) of these had re-
ceived a diagnosis of hypertension; 79.8% (CI 73.5–85.0)
of those diagnosed were currently receiving treatment;
and 28.3% (CI 21.4–36.3, n = 110) of those treated had
achieved BP control. Figure 2(a) summarizes the gaps
between the overall HTN population and testing, testing
and diagnosing, diagnosing and treating, and treating
and receiving control.
The largest relative gap along the hypertension control
cascade is between being treated and achieving control.
The largest absolute gaps in terms of numbers lost ap-
pear at the first two stages with being tested and being
diagnosed.
Table 3 shows characteristics associated with progress
through the hypertension cascade. Older age was associ-
ated with better achievements of most stages of the cas-
cade (from testing to treatment), while younger age was
the only variable associated with higher OR of moving
from treatment into control (OR 0.1 for eldest age group
as compared to youngest, CI 0.03–0.34). Being female
(OR 5.3, CI 2.87–9.62), older age (OR 2.1, CI 1.05–4.01
for oldest age group), being educated (OR 3.4, CI 1.67–
7.04 for highest education), being formally employed
(OR 3.3, CI 1.36–8.12), and being obese (OR 2.4, CI
1.00–3.68), were all associated with increased odds ratio
for having been tested for hypertension.
Moving from having been tested to being diagnosed
was associated with being female (OR 3.54, CI 1.89–
6.63), older age (OR 2.47, 1.24–4.93), overweight or
obese (OR 2.32, CI 1.24–4.35 for obesity), former
smoker (OR 2.42, CI 0.99–5.92), and having a known
diagnosis of diabetes (OR 5.05, CI 1.62–15.79), and
negatively associated with living in urban area (OR 0.53,
CI 0.31–0.91), all p < 0.05.
Moving from diagnosis into treatment was associated
with older age (OR 3.88, CI 1.42–10.66) and negatively
associated with self-employment (OR 0.32, CI 0.13–
0.81).
The total gap in hypertension control care (the sum of
hypertensive individuals who did not achieve blood pres-
sure control [defined as SBP below 140mmHg and DBP
below 90 mmHg] no matter where along the care cas-
cade they were lost) was 89.1%, i.e.: 10.9% of all people
with hypertension were controlled to target. Control
among all individuals with hypertension was associated
with being woman (OR 4.8 CI 2.33–9.88), formally
employed (OR 3.0 CI 1.26–7.17), and overweight (OR
2.5 CI 1.29–4.76) (Table 4).
56.4% (1211 of 2146) of the population were identified
as being overtly at increased risk of diabetes or hyper-
tension due to age > 50 years, BMI > 25 kg/m2, or cur-
rently smoking. In these participants, prevalence of HTN
was twice as high as in the rest of the population (44.8%
versus 22.6%, Pearson chi2 116.6, p < 0.001). A signifi-
cantly higher percentage among those with increased
risk had been tested for hypertension than among those
at lower risk (54.8% versus 44.8%, Pearson chi2 21.4 P <
0.001), while there was no significant difference among
the two groups in terms of achieving adequate BP con-
trol (Table 5).
Fig. 1 Analytic sample
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Table 1 Respondent characteristics
Characteristics [mean (SEM) or unweighted
n (%)]
Total Women Men
2146 (100%) 1354 (53.1%) 792 (46.9%)
Age (years) [mean] 38.4 [0.30] 37.6 [0.34] 39.2 [0.51]
BMI (kg/m2) [mean] 24.5 [0.18] 25.3 [0.24] 23.5 [0.25]
Blood pressure (mmHg), measured
Systolic blood pressure [mean] 130.2 [0.72] 127.7 [1.00] 132.9 [1.03]
Diastolic blood pressure [mean] 77.8 [0.44] 77.7 [0.59] 79 [13.9]
BP ≥140/90mmHg 340 (29.8%) 221 (28.5%) 119 (31.4%)
Age groups
25–34 years 717 (40.0%) 469 (41.1%) 248 (38.7%)
35–49 years 897 (43.0%) 593 (45.1%) 304 (40.7%)
50–64 years 532 (17.0%) 292 (13.7%) 240 (20.6%)
Blood glucose (mmol/L), measured
Fasting Blood Glucose (FBG) [mean] 4.41 [0.05] 4.36 [0.08] 4.48 [0.07]
Impaired FBG 65 (2.5%) 41 (1.9%) 24 (3.2%)
Diabetic FBG (at or above 6.1 mmol/L) 99 (3.9%) 61 (3.7%) 38 (4.0%)
Marital status
single, never married 138 (9.3%) 60 (0.06%) 78 (13.3%)
married or cohabiting 1741 (81.3%) 1060 (80.2%) 681 (82.6%)
divorced or widowed 267 (9.4%) 234 (14.2%) 33 (0.04%)
Residence
Rural 1337 (50.2%) 826 (49.4%) 511 (51.1%)
Urban 809 (49.8%) 528 (50.6%) 281 (48.9%)
Education
No formal education 554 (18.9%) 418 (24.2%) 136 (13.0%)
Some primary or secondary education 958 (48.8%) 574 (46.9%) 384 (50.9%)
Secondary education or above completed 634 (32.3%) 362 (28.9%) 272 (36.0%)
Employment status
No formal employment 846 (34.6%) 769 (56.9%) 77 (9.5%)
Self-employed 972 (45.5%) 430 (29.4%) 542 (63.8%)
Formally employed 328 (19.8%) 155 (13.8%) 173 (26.7%)
Tobacco use
Never smoked 1850 (85.9%) 1310 (97.8%) 540 (72.4%)
Current smoker 139 (7.3%) 31 (1.4%) 126 (14.0%)
Former smoker 157 (6.8%) 13 (0.8%) 126 (13.6%)
Sedentary time/day
Less than 3 h 1459 (69.1%) 916 (68.3%) 543 (70.1%)
3 h or more 687 (30.9%) 438 (31.7%) 249 (29.9%)
Physical activity level/week
At or above 600 METs 1488 (69.4%) 856 (63.3%) 632 (79.8%)
Below 600 METs 656 (30.6%) 496 (36.7%) 160 (20.2%)
BMI classification
Underweight 153 (8.1%) 110 (8.5%) 70 (7.9%)
Normal weight 1180 (54.7%) 659 (48.8%) 494 (61.2%)
Overweight 474 (22.3%) 306 (22.2%) 168 (22.3%)
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Diabetes
The crude prevalence of diabetes (defined as either pre-
viously diagnosed, or FBG at the time of the survey at or
above 6.1 mmol/L) was 4.4% (CI 3.4–5.5). Diabetes was
significantly associated with increasing age (OR 3.2, CI
1.33–7.69 for the middle age group and OR 14.1, CI
6.05–32.65 for the oldest age group). Diabetes was also
positively associated with overweight and obesity and
higher level of education completed, but these associa-
tions did not quite achieve significance (Table 2).
54.0% (CI 41.6–65.9) of the diabetic population had
previously tested for diabetes. Progress through the cas-
cade of care showed that 75.2% (CI 58.0–86.9) of the
diabetic population who tested had also received a dia-
betes diagnosis, 92.6% (CI 80.3–97.5) of those diagnosed
were treated, and 29.2% (CI 14.7–49.7) of those treated
achieved adequate fasting blood glucose control (Fig. 2b).
The largest relative gap was between receiving treatment
and achieving control. The total gap in care, defined as
the proportion of the total diabetic population that had
not achieved adequate blood glucose control, was esti-
mated at 88.1%.
Due to the low numbers of participants defined as
having diabetes, independent variables association with
progressing through the various stages in the diabetes
care cascade, or achieving good control, were not
examined.
Among people defined as being at overtly increased
risk (due to increased age, high BMI, or smoking) preva-
lence of DM was 7.2%, compared to 2.0% in the rest of
the population (Pearson chi2 32.2, p < 0.001). Signifi-
cantly more people at high risk had been tested for dia-
betes than among those with lower risk (22.8% versus
11.3%, Pearson chi2 = 47.3, P < 0.001), and most had
been tested for both DM and hypertension (21.0%)
(Table 5).
Discussion
This study reports the first nationally representative esti-
mates of the burden of hypertension and diabetes, as
well as care gaps among people in semi-autonomous
state of Zanzibar. Overall, the prevalence of hyperten-
sion in our study was high, even in the youngest age
group (25–34 years), while overall diabetes prevalence
was relatively low.
For a poor state with a young population this is a ser-
ious concern as it poses substantial risk for high rates of
CVD including stroke to be seen in the future. This is
especially worrying as routinely collected data reveals
that uncontrolled hypertension and diabetes already are
leading causes of hospital admission for adults (11% in
the group 13+ years), and diabetes and hypertension to-
gether with cerebrovascular accidents are leading causes
of death for adults (23% of all causes) at hospitals [16].
No previous or subsequent cross-sectional studies have
been conducted in Zanzibar to allow longitudinal analysis
of trends, yet there are similar surveys conducted at sev-
eral sites in the East African region. The Rwanda, Uganda,
Kenya, Tanzania, and Malawian national STEPS surveys
conducted at a similar time Zanzibar study, revealed lower
prevalence of hypertension among their adult populations,
and prevalence of diabetes was only higher in Malawi and
Tanzania [17–21].
Our prevalence findings from Zanzibar are lower than
the estimates from workplace screening of civil servants
in Zanzibar (54% had hypertension, and 19% raised fast-
ing blood glucose).2 This screening did not take into ac-
count the age of the participants or the participation
rate. The proportion of participants with obesity was
Table 1 Respondent characteristics (Continued)
Characteristics [mean (SEM) or unweighted
n (%)]
Total Women Men
2146 (100%) 1354 (53.1%) 792 (46.9%)
Obese 339 (14.9%) 279 (20.4%) 60 (8.7%)
Total cholesterol
Raised (≥5 mmol/L) 593 (25.8%) 446 (31.0%) 147 (19.8%)
Previous diagnosed with diabetes 40 (1.7%) 20 (1.2%) 20 (2.2%)
Mental ill health 152 (6.9%) 118 (8.7%) 34 (4.9%)
Has hypertension (as per study definition) 813 (33.5%) 515 (35.5%) 298 (32.8%)
Has diabetes (as per study definition) 114 (4.7%) 69 (4.6%) 45 (4.7%)
Previously had BP measured 1151 (50.0%) 872 (69.9%) 279 (32.3%)
Previously had FBG measured 382 (16.4%) 249 (17.9%) 133 (14.5%)
Data are displayed as mean (and standard error) or percentage (and number of participants). All percentages are calculated using weighted variables. Numbers of
participants are non weighted. Study definition of hypertension: Previously diagnosed with hypertension by health care worker, or a measured SBP ≥ 140 mmHg
or DBP ≥ 90 mmHg during the survey. Study definition of diabetes: Previously diagnosed with diabetes by health care worker, or a measured FBG ≥ 6.1 mmol/L
during the survey
2Program data, National NCD program phase 1, accessed from NCD
unit Zanzibar Ministry of Health February 2018 (number screened n=
1996).
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very high (33%), and there might have been a selection
bias where younger, healthier individuals did not partici-
pate. Thus, that our study suggest lower national-level
prevalence is not surprising.
In contrast to studies from elsewhere in sSA, in the
present analyses there was no association found between
employment, urban residency, or sedentary time, and
having diabetes/hypertension. There was however a
Table 2 Multivariable regression analysis
Hypertension Diabetes
OR 95% CI p-value OR 95% CI p-value
Sex
Male 1.0 1.0
Female 0.9 (0.63, 1.29) 0.570 1.0 (0.55, 1.85) 0.985
Age
24–34 years 1.0 1.0
35–49 years 2.1 (1.43, 3.08) < 0.001 3.2 (1.33, 7.69) 0.009
50–64 years 7.7 (4.93, 12.02) < 0.001 14.0 (6.05, 32.65) < 0.001
Residence
Rural 1.0 1.0
Urban 0.8 (0.57, 1.10) 0.167 1.4 (0.80, 2.41) 0.247
Education
No formal education 1.0 1.0
Some primary/secondary school 0.6 (0.44, 0.89) 0.008 1.6 (0.82, 2.66) 0.174
Secondary school or above complete 0.8 (0.54, 1.22) 0.306 2.0 (0.98, 4.19) 0.058
Employment
No formal or self employment 1.0 1.0
Self employed 0.9 (0.63, 1.22) 0.422 1.7 (0.85, 3.26) 0.139
Formally employed 0.8 (0.52, 1.31) 0.414 1.3 (0.58, 2.76) 0.563
Tobacco use
Never smoked 1.0 1.0
Former smoker 1.5 (0.73, 2.87) 0.288 0.8 (0.32, 2.14) 0.692
Current smoker 0.7 (0.40, 1.17) 0.168 0.9 (0.37, 2.34) 0.881
BMI
Normal or underweight 1.0 1.0
Overweight 1.3 (0.94, 1.91) 0.111 1.9 (0.99, 3.49) 0.056
Obese 3.1 (2.12–4.44) < 0.001 2.1 (1.00, 4.37) 0.051
Fasting blood glucose
Normal fasting blood glucose 1.0
Raised fasting blood glucose 2.4 (1.34, 4.22) 0.003 – – –
Total cholesterol
Normal cholesterol 1.0
High cholesterol 1.4 (0.80, 2.35) 0.251 2.0 (0.89, 4.43) 0.091
Sedentary time
Sedentary for less than 3 h/day 1.0
Sedentary for at least 3 h/day 1.0 (0.76, 1.39) 0.854 0.6 (0.36, 1.09) 0.099
Mental illness
No signs of mental illness 1.0
Mental illness present 1.6 (0.83, 3.18) 0.155 1.7 (0.64, 4.46) 0.290
Estimated Odds Ratios for relationship between independent variables and having hypertension or having diabetes, among total surveyed population, weighted
using survey population weights (unweighted n = 2146)
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Fig. 2 Hypertension and diabetes care cascades. Progress through the (a) hypertension and (b) diabetes care cascade. Arrows indicate the losses
(the relative proportion that does not reach the next stage of the cascade; denominator depends on having reached previous stage), while bars
indicate the absolute proportion of all people with disease that progress through the cascade
Table 3 Progress through the hypertension care cascade
Estimated Odds Ratios for relationship between individual level variable, and progressing to next stage in the care cascade. Each variable adjusted for all
other variables
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positive and independent association between older age,
some formal schooling, obesity, raised fasting blood glu-
cose levels, and having hypertension. For having dia-
betes, age and obesity were associated factors.
The lack of association between employment, resi-
dency, and being sedentary, and having hypertension or
diabetes requires further exploration. The lack of associ-
ation with sedentary time may be explained by those
who are sedentary for > 3 h per day still being reasonably
active for the remainder of the time (see Additional file 2).
It may also be because our cut-point for sedentariness,
which reflected other studies that found associations be-
tween sedentary time and cardiovascular diseases and
risk factors [22, 23], is not appropriate for this popula-
tion. We did not assess associations with wealth quin-
tiles in this study as data were not available. However, it
may be that wealth is a major determinant of diseases
status in this population as has been found elsewhere
[24] and be that formal employment as well as urban
residency corresponds poorly with wealth.
In the longer term, effective strategies, that go wider
than the delivery of treatments in health services, need
to be put in place to prevent occurrence of cardiovascu-
lar disease risk factors [25]. In the short term, to cope
with the high prevalence, especially of hypertension,
health services urgently require investment. As the
prevalence of hypertension in the subpopulation group
considered to be at increased risk was twice that in the
rest of the population, and the prevalence of diabetes al-
most four times that in the rest of the population, a first
step in improving care for hypertension and diabetes
could be to further improve testing and referral on to
care in groups with risk factors that can easily be picked
out by health care workers, i.e. people who are above 50
years, overweight/obese, or currently smoking. It is en-
couraging that a substantial proportion of people with
these characteristics had been tested for disease, espe-
cially for hypertension; nevertheless, improvements
could still be made in targeting individuals at high risk
for screening.
The cascade analysis shows hypertension and diabetes
care in Zanzibar to be sub-optimal especially compared
to what can be achieved in well-functioning health care
systems both in LMIC [3] and HICs [26]. Results were,
however, better than those found in studies done in
nearby Tanzania [20, 27]. It may be that the proximity
to health facilities in Zanzibar facilitates access (98% of
the population live within 5 km of a primary health care
facility). Although prevalence of conditions was different,
progress through the various stages between the hyper-
tension and diabetes care cascade were quite similar.
There are drop offs in care at all stages, reasons for this
are likely to be complex, but may include interactions
between individual, societal, cultural, financial, and
health system factors including cultural beliefs, trust in
health services, health literacy, health seeking behavior,
quality of care, and health care workers performance.
That women were more often tested and detected in
our study could reflect a more frequent use of the health
care system among women, including for pregnancy and
childbirth.
But still, 29.6% of women age 25–49 in the study had
never had their blood pressure measured, despite a total
fertility rate of 5.1 [28], and 99% of pregnant women at-
tend antenatal care (ANC) at least once [16]. This may
be explained by poor recall, however, despite BP meas-
urement being an integral part of ANC, one out of five
Table 4 Control of blood pressure among all individuals with
hypertension
Control among all HTN
OR 95% CI p-value
Sex
Male 1.0
Female 4.8 (2.33–9.88) < 0.001
Age
20–34 years 1.0
35–49 0.6 (0.30–1.12) 0.106
50–65 years 0.6 (0.28–1.29) 0.187
Residence
Rural 1.0
Urban 0.6 (0.28–1.07) 0.077
Education
No formal education 1.0
Some primary/secondary school 1.1 (0.50–3.88) 0.391
Secondary school or above complete 1.5 (0.59–3.88) 0.391
Employment
No formal or self employment 1.0
Self employed 1.9 (0.92–3.87) 0.081
Formally employed 3.0 (1.26–7.17) 0.013
Tobacco use
Never smoked 1.0
Former smoker 0.6 (0.19–1.89) 0.388
Current smoker 0.4 (0.09–1.93) 0.264
BMI
Normal or underweight 1.0
Overweight 2.5 (1.29–4.76) 0.007
Obese 1.9 (0.86–4.11) 0.115
Previously diagnosed with diabetes 0.6 (0.21–1.65) 0.312
Sedentary for at least 3 h/day 0.8 (0.47–1.45) 0.497
Mental illness present 2.0 (0.81–4.70) 0.135
Estimated Odds Ratios for relationship between individual level variable, and
achieving adequate BP control, among all people with hypertension (n = 813).
Each variable adjusted for all other variables
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women attending ANC never get their BP measured, 3
and approximately 22% of women delivering at the ter-
tiary level hospital did not have a single BP measure-
ment done during admission [29].
Other factors associated with achieving cascade success
for hypertension were being overweight and being in for-
mal employment, perhaps due to those who are over-
weight being more aware of their health risk and those in
employment being more able to access health care.
Among those on treatment, younger age alone was as-
sociated with achieving control; this is perhaps surpris-
ing as being older was associated with better progress
through the rest of the cascade. Factors, including lower
BP to start with in this younger age group, adequate
treatment regimens, and better medication adherence
need to be investigated to explain this difference.
Strategies to improve transit through the care cascade
are likely to require complex system intervention studies.
Single strategy interventions are unlikely to provide a solu-
tion; for example, mass screening for hypertension and/or
diabetes at household level, with referral of suspect cases
for further investigation and management at health facility
level have in Kenya shown that as few as 23% of individ-
uals screened positive for raised blood glucose took up re-
ferrals for care, even when consultation was free of charge
[30], while 61% of individuals screened positive for raised
blood pressure took up referral for care in Malawi [31].
Studies in high income countries have shown a relation-
ship between mental ill health and increased prevalence of
cardiovascular disease risk factors and/or poorer access to
treatment [9, 32]. However, in this study, there was no as-
sociation between symptoms of mental illness, hyperten-
sion or diabetes, and progress through the cascade of care.
Performing sensitivity analysis using a less conservative
threshold for diagnosis symptoms of mental ill health with
a cut-off at 2/3 rather than 3/4, did not substantially alter
the findings (Additional file 3). Given that these findings
contrast with those seen in other situations, this result re-
quires further exploration, including investigation of the
GHQ-12 as a screening tool in this setting.
Following this STEPS survey and a Service Provision
Assessment of health facility readiness, the Zanzibar
Ministry of Health designed a NCD program, and estab-
lished a NCD unit to implement the program. Activities
included decentralizing selected NCD services to the
higher primary care level, development of and training
in guidelines to detect and treat hypertension and dia-
betes, and allowing facilities the freedom to order anti-
hypertensive and anti-diabetic medications (change from
a push- to a pull system), and community awareness ac-
tivities. Program monitoring shows that these processes
are being implemented, however challenges in providing
the policy-ensured free services remain, including medi-
cines and equipment (for example glucose strips) regu-
larly being out of stock, 4 and data on treatment and
patient outcomes remain sparse. Despite this there has
been a positive development with increased overall fund-
ing for drugs, reducing the frequency of stock-out. Fol-
lowing the establishment of the NCD program, the
national HIV/TB program in Zanzibar has introduced
guidelines for screening for HTN and cardio-metabolic
disease in acknowledgement of the common co-
morbidity. The case management of HIV/TB patients
with uncomplicated hypertension and diabetes is taking
place at the HIV care clinics, while so far the clinics do
not provide services for the general (TB or HIV nega-
tive) population. In-depth evaluation of these strategies
with patient-focused outcomes is now needed.
Limitations
The sample size for this study was small, however, it was
adequately powered, the response rate was high, and there
were few missing variables. The care cascade approach al-
lows identification of gaps in health care services, but it
Table 5 Progress through the care cascades for people with overt increased risk as compared with the rest
At increased risk No increased risk chi2 p
Total population 1211 (56.4%) 935 (43.6%) – –
Had been tested for HTN 700 (54.8%) 451 (44.8%) 21.4 < 0.001
Had been tested for DM 276 (22.8%) 106 (11.3%) 47.3 < 0.001
Had been tested for both HTN and DM 254 (21.0%) 96 (10.3%) 44.3 < 0.001
Had achieved control of BP 56 (31.5%) 16 (36.4%) 0.4 0,534
Had achieved control of BG 12 (37.5%) 1 (20.0%) – –
Had HTN 592 (44.8%) 221 (22.6%) 116.6 < 0.001
Had DM 94 (7.2%) 20 (2.0%) 32.3 < 0.001
Proportion of people with increased risk that had HTN or DM, had been tested for HTN, DM, or both HTN and DM, and, among the subgroup which had HTN or
DM, had achieved control of blood pressure (BP) or blood glucose (BG)
3Data from the Safer Deliveries project, October 2017–- November
2018, of > 20,000 pregnant women.
4Personal communications with Head of NCD unit, Zanzibar Ministry
of Health, June 2018.
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does not provide understanding of why these gaps occur.
Further research is needed to identify and address the rea-
sons for lack of transit through the cascade. The data came
from a cross-sectional study and although this provides a
useful snapshot of health system performance, longitudinal
studies are needed to provide a more nuanced assessment
of changes to health policy.
Second, raised BP and FBG on testing on just one
occasion are used synonymic with hypertension and
diabetes, and control of hypertension or diabetes were
defined using same methods and cut-off levels as for
diagnosis. This is normal in surveys of this nature [3, 4],
however it might lead to errors in prevalence estimates
– in a clinical setting, raised BP would need to be con-
firmed on at least two consecutive visits, and raised fast-
ing blood glucose may require an OGTT before a
diagnosis of diabetes is made. According to the WHO/
IDF consultation report on diagnosis of diabetes [33]
only 75% of survey-detected raised blood glucose are
confirmed to have clinical diabetes on repeat testing.
Finally, the amount of missingness in responses to house-
hold income questions meant income was not included as
a covariate, and previous employment was not available.
Although we have data on current employment and educa-
tion status, which are indicators of socio-economic status,
more granular data on wealth may lead to important issues
of inequality and inequity in health and health care for the
poorest being captured and paid due attention.
Conclusion
Hypertension and diabetes represent largely silent epi-
demics that affects up to one in three adults in Zanzibar;
the health system has had limited success in providing
care along the continuum and ensuring diagnosis and
control of blood pressure as well as raised blood glucose.
Our results showed that gaps in hypertension and dia-
betes control are universally large. Health system interven-
tions must be designed to bridge these gaps by putting in
place pro-poor strategies for access to primary health care
including ensuring essential medicines and technologies
for hypertension and diabetes, and ensure that primary
care is able to provide for a wider range of non-
communicable conditions and risk factor. Unless this is
done, it is unlikely that good population level hypertension
and diabetes control can be achieved in Zanzibar.
For this to happen, the government must spend more
- but they also have to spend smarter. While enough is
known about treatment of hypertension, diabetes, and
other cardiovascular risk factors, little is known about
how to implement these treatments in the specific low
income contexts, and at scale [34]. To gain that under-
standing, qualitative as well as operational research is
needed to identify local drivers of disease as well as suc-
cessful control strategies.
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